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SUMMARY

Thig report is the ninth oh & series of systematic
tests in which various lateral coantrol devices are com-
pared, with particular reference to thelr effectiveness
at hlgh angles of attack, The present tests were made
with ordinary flap-type allerons on two wings with difw
ferent amounts of taper, one medium and the other extreme,
On sach wing both medlum-sized tapered allerons and short
wide tapered ailerons were tssted and, in addition, on the
wing with the extreme taper, medium and short wide alle-
rons having & constant chord were tested,

The tests, which were made in the W.A,C.A. 7 by 10
foot wind tunnel, showed the effect of the different plan
forms on the general performance and lateral stability
characteristice of the wings, as well as the effect of the
different aileron shapes on the lateral controllability.
It was found that the rolling control given by the aile-
rons on the wing with medium taper was about the same be~-
low the stall as that for corresponding ailerons on rec-—-
tangular wings, dubt above the stall the rolling control
was somewhat lower than on rectangular wings and well bde-
low an assumed satisefactory value. A% angles of attack
below the stall the yawing moments caused by the allerons
were somewhat lower on the Wing with medium taper than on
a rectangular wing, but just above the stall the adverse
yewing moments werse greater., The ailerons on the wing
with extreme taper gave better lateral control at angles
of attack below the stall in regard to rolling, yawing,
and hinge moments than corresponding ailerons on rectangu-
lar wings or on the wing .with medium taper, dut just above
the stall the rolling momen?g fell off almost completely
and adverse yawing momenits of great magpitude occurred.
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INTRODUCTION

A series of systematic wind-tunnel investigations,
one of which is covered by this report, is being made by
the National Advigory Committee for Aercnautics in order
to compare various lateral control devices. The varilous
devices are given the same routine tests ta show their
relative merits in regard to lateral controlladllity and
their effect on the lateral stability and on airplans per-
formarice. They are being tested first on rectanzular
Clark Y winge of aspect ratio 6, and then on wings with
different plan forms and also wings with such variations
ag wacghout and sweepback, which affect lateral stabllity.

Fart I of this series (reference 1) dealt with three
different sizes of ordinary ailsrons on rectangular wiags,
One of.-these gilerons was of medium size taken from the
average of a number of coaventional airplanes, one was
extremely short and wide, and the other was extremely long
and narrow, . All the ailerons were proportioned to give
epproximately equal controllability at angles of attack
below the stall with equal up~and~down deflection. The
resultyg were analyzed to.show the relative merits of the
three s8lzes of ailerons when set in the above manner and
also when set with two differential movements, and with
upward govsmant only. The narrowv-chord ailerons were
found to be definitwly inferior to the medium and wlde
ones in regara to rolling moments at_the bigh. angles of
attack, - - . o e -

[ T - -

Parts II and III lreferencs 1) deal with other Fforms
of ailerons and lateral control devices on rectaagular
wings. - Part VIII covers tests of medlium and wide conven-
tional ailerons.on wings with rounded tips, and the pres-

ent renort dgglﬁ_with conventional ailerons on tapered
wings.. Mpdel wings with medium and extreme %taper wsere
used, the firet having the center—chord length five—~thirds
- that of the tip chord, and the second having the center-
chord length five times that of the tip chord. Since nar-
row-chord ailerons had given very low rolling momente at
high angies of attack pn & rectangular wing, the tapersed
wings were tested with medium chord and wide chord aile-
rons only. S
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APPARATUS

Wind funnel.~ The N.A.C.A, 7.by 10 foot wind tunnel,
which is being used throughout the entire investigation,
hes an opern Jet and a single closed return pasdags. The
tunnel, together with the regular balance and associated
apparatus, is described in detail in reference e

Models.~ The tests were made with flap—type ailerons
on two wings, one wing having a 5:3 taper and the other a
5:1, Both wing models woere constructed of laminated nma-
hogany, wlth spans of 60 inches, aspect ratiocs of 8, and
Clark Y airfoil sections along the sntire span, The wings
hed equal taper of the leading and trailing edges, and the
maximum ordinates of all sections were in a horizontal
plane on the upper surface., On each wing both medium-
slzed tapered allesrons and short wide tapered ailerons
were tested and, in addition, on the wing .with 5:1 taper,
medium and short wide ailerons having a constant chord
were tested., Inasmuch as previous tests (referencs 1) had
shown that the moments caused by both right and left aile-
rons could be found separately end added together to give
the total effect of both with a satisfactory accuracy, the
present tests were made with the right alleron only. Each
wing model was equipped with & removadble tip portlon as
shown in Figures 1 and 2, and a different model of this
portlon of the wing was made for each of the ailerons.

The tapersd ailerons were tapered with the wings, the
chord of the medium~sized ones (&, figs. 1 and 2) at any
longitudinal section being 25 per cent of the wing chord
at the same section, and the chord of the short wide ounes
(B, figs. 1 and 2) being 40 per cent of the wing chord at
any section., The ailerons with constant chord (¢ and D,
fig, 2) had the same chord dimension- as the averags chord
of the tapered ailerons on the wing with 5:1 taper. Thése
constant chord allerons on the tapered wing were of the
nature of skewed allerons on rectangular wings, - The aille~
ron sSpans were all selected to give approtimatelv tlie same
rolling control at angles of attack below the sftall as the
me?ium ailerons on a rectangular wing. (Part I, reference
1. ' o
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TPESTS

The tests were conducted in accordance with the stand-
ard procedure, and at the dynamic pressure and Reynolds
Number employad throughout the entire series of investl-
gations on lateral control. (Reference l.) The dynamic
pressure was 16,37 pounds per sguare foob, corresponding
to an air speed of 80 miles par hour at standard density,
and the Reynolds Number was 609 OOO, based on the average
chord, - - L - ==l -

R . - L

PABLE I _ L

IMULTANEOUS AILERON DEFLECTIONS WITH ASSUMED
C DIﬁFERENTIAL MOVEMENTS

T -

Angles Measured about Aileron Axis

Averagsé differential (No, 1) ZExtreme differentlal (No. 2)

Dew - Bl — e - =

Upward Downward Upward Dowaward
flisplacement displacement £lsplacement displacement
Degrees - Degiees Degrees ~ Degrees
0 0 .0 .0
10 8,5 10 7
20 .. .- 13 20 12
30 15 : 30 . 14
35 15 . a0 . 11,5
. ) - - . b0 Y 2N

e - H - E : . o e

The regular force tests were made, at 0° yaw, with a
sufficient number of angles of attack to determins the
meximun 1ift coefflcient, the minimum drag coefficlent,
end ths drag coefficient at 07 = 0.70, which is used %o
glve a rate—of~c11mb criteriq;n.L Becauge of the large ef-
fect of yaw on the laferal stability, teste were made not
only at O yaw, but also with an angle of yaw of 20°
which represents the conditisns in & fairly severe side~
slips TFree-—-autorotation tests were made to determine the
angle of attack above which autorotation was self-start-
ing with ailerons neutral. Porced—~rotation tests were
also made in which the rolling wmoment while rolling was
measured at the rotational velocity corresponding %o
%l% = (406, the highest rafte likely to be obftained in
gusty alr, and at angles of yaw of both 0o and %200
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Aileron movements.~ From tests with the single aile-
rong deflected upward and downward varlous asmounts, data
were obtained from which the results were compubted for
four aileron movemenits: the equal up-and-down, average
differential, extreme differential, and up~only movements,
These movements were the same as those used in Part I.
(Reference 1,) The relative up-and-down disgplacements
with the two differential movements are given in Table I
and the .assumed linkages to obtain 2ll of the movements
in Pigure 3. The deflection of the allerons was measured
in a plane perpeandicular to the hinge axis, and is slight-
ly greater than the projected angle of deflection in =2
longitudinal plane.

Accuracy.~ The accuracy of the results presented in
this report is the same asg that obtained in Part I. It
is considered satisfactory at all angles of attack except
in the burbled rezion between 20° and 25° when the rolling
and yawing moments are relatlively unreliable due to the
critical, a2nd offten unsymmetrical, condition of the dur-
bled alr flow around the wing, '

'RESULTS

Copfficients.~ The force~test results are given in
the form of absolute coefficients of 1ift and drag and of
the rolling and yawing moments:

= 2xif%
Cr, s S
Cp = drag
q S
C1! = tolling moment
g b 8§
.t = Javwing moment
o a b 8§

-where § 1is the total wing area, b 1is the wing span,
and q 3is the dynamic pressure. The coefficlents are
obtalned directly from the balance and refer to the wind
(or tuanel) axes. In special ceses in the discussion
where the noments are used witn reference to body axes,
the coefficients are not primed, Thuse the symbols for the
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rolling “and yawing moment coefficients about body axes are
¢ and Cype. The results as given are not corregted for
tunne]~wall effe—%

Lo R

”he results of the forced rotation tests are glven,
also about the wind axes, by & coefficient representing
the r¢lling moment due to rolling:

- : £ .
* 3 =L

i

.-‘ N .-. __'ﬂ _-. q b S o

where k is the rolling moment measured while the wing is
rolling, and the other factors have ths wusual slgnificance,
This coefficient may be used es a measureg of the degree of
lateral stablility or instabllity of a wing under vaerlous
rolling conditions. 1In the present case, it is used to
indicate the characteristics of a wing when it _is sudbject-
ed to E‘rolling velocity equal to the maximun likely to be
encountered in controlled flight in very gusty air, This
rolling velocity may be expressed in terms of the wing

span as

'b
27V

3

= 0.05

where .V is the air speed at the center sectlon of the
wing, and p! 1is the angular velocity in roll about the
wind &'IiB_. . . imea ASROR u;ﬂ =W B im !-Ew- Wars gaamy
TableS.~- The results of the tests are glven in Tables
II to ¥V. Table II gives values of Oy, Cp, 01 and Cpt

for all aileron deflections (one aileron only) at ° yaw
for the wing with 5:3 taper, and and medium aileron. Table III
contains similar data for the same wing and gileron combi-
nation, but with -20° yaw., Tables IV and V are similar to
II and III, bubt contain the data for the short wide aile-
rong on the same wing, Table VI contains ths ressults of
the rotatlon tests for the same wing, Similarly, Tabdles
taper,

Wi b
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DISCUSSION IN TER!MS OF CRITERIONS

For a comparison of the different latersl control ar-
rangements, the results of the tests ars discussed.in terms
of criterions, which are explained in detail in Part I and
briefly in the following paragraphs. By use of these cri-
terions a comparison of the effect of tne different condrol
devices on the general performance, the lateral control-
lability, and the lateral stability may be made. The values
of the criterions summarizing the results of the present
tests are given in Table XVI, and the values for the stand-
ard and the short, wide ailerons of Part I (rectangular
winzs) are 1nc1uded for comparison.

General Performance

(Ailerons Neutral)

Wing area regquired for desired landinz speed.- The
value of the maximum 1ift coefficient 1s 1sed as & criter-~
ion of the wing area required for the desired landing speed,
or conversely for the landing speed obtained with a given
wing area. The value of the maximum 1ift coefficient was
nearly the same for .the tapered wings as for the rectangu~-
lar, but the wing with 5:3 taper had s very slightly higher
value than the rectangular wing, and the wing with 5:1 ta-
per had a very slightly higher wvalue than that with 5:3 ta-
per. ) X ' ) o

»

Speed range.~ The ratio chax/CDmin is & convenient

figure of merit for comparison of the relative speed range
obtained with various wings. The valué of the speed-rangs
ratlo was slightly greater for the wing with 5:3 taper than
for the rectangular wing, and was still greater for the
wing wifh 5:1 taper. It was about the same for the wing
with 5:1 taper as. for the straight wing with long rounded
tips tested in Part VIII. (Reference 1.)

Rate of climb.- In order to establish a suitable cri-
terion for the effect of the wing and the lateral control
devices on the rate of climd of. an sirplane, the perfor-
mance curves of a number of types and sizes of airplanes
were calculated, and the relation of the maximum rate of
climb to the 1ift and drag curves was studied. This in-
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vestigation showed that the L/D at Oy .=-0. 70 gave a con-
sistently reliable figure of merit for this purpose. The
nunerical value of this criterion was slightly lower for
the wing wilth extreme- -taper than for the wings with either
5:3 taps&t oF feétanguier form. -

Lateral Controllabllity

(Maximum Assumed Aileron Deflection§

* - = . . B e v hem
e a ---r- = ot ——- P -

%olllng criterion.~ The rolllng crIferlon upon wh{ch
the control effectiveness of each of the aileron marrange-
ments is judged is a figure of merit whicvh is designed to
be proportional to the initial acceleration of the wing tip

hat Tollows instantaneous deflection of the allerons from
neutral, regardless of the air speed or the plan form of
the wing. ZExpressed In c6eFricient form, this rolling cri-
terion is

— 2
12 Cy, Ix

where Cz "is the coefficient of ro1Ting momént " Tue to tke
ailerons with respect to the body axes (whick axis for the
wing slone is taken as the midspan chord line), and

is the srea momént of inertla of the wing about the migspan
chord Iine. X mdore detailed explanation of the derivation
of RO and the assumptions upon- which it is baaea 1s gIven
in Part I, reference 1.

The numerical vaIue—Ef this criterion that is assumed
to represént satisfactory confrél conditions is approxi-
mately 0.075, the value given by the stmmdard ordinary
ailerong with the assumed maximum deflection 6f +25° at an
angle o©f af%ack-of'iﬁ (See Part I, reference T.)

The COmparison of the criterTons for the Tarisus alle-
rong and movements ie given in Teble XVT for -four  repre-
sentative angles of attack: 0°, 10°, 20°, and 30° The 0°
angle Tepresents the high-speed attitudes; a = IUD repre~
sents the highest angle of attack in which entirely satis-
factory control with ordinary ailerons 1s obtalned; a = 20°
is the ¢ondition of greatest lateral instabllity and is
probably about the greatest obtainadle angle of attack in a

s
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steady glide with most present—-day airplanes; and finally,
o = 30° is given only for a compariaon w1th controls for
possible future types of airplanes. -

At o = 0° g1l the ailerons give values of RC greatly
in excegs of that considered necessary, the values for tae
wing with the 5:1 taper belng about ome-~third higher than
those for the wings with the 5:3 taper or rectangular forms.

At o = 10° +the ailerons on the wing with 5:3 taper,
as well as those on the rectangular wings, gave values of
RC reasonably close to the assumed satisfactory value, but
the ailerons on the wing with the 5:1 taper all gave values
gsubstantially higher - ,02 the average about one-fThird high-
er, Thus, &ll the ailerons on the wing with 5:1 taper had
spans too great, although they were proportioned, to give
the same rolling control as the medium ailerons on'the rec-
tangular wing at angles of attack below the stall. “Yhis
condition favors-ithe eilerons on the wing with ertreme ta-
per in the comparisons of Table XVI, but inasmich as these
allerons, even with their large size, give very poor c¢con~
trol moments at high angles of attack, the comparison serves
the purpose of the present 1nvest1gat10n Teasonably well,

L —— ~ 3 el . “ L

At a = 20° the silerons on the wing with 5:3 taper
gave definitely lower values of RC than the corresponding
ailerous on rectangular wings, and the values for tne alle~
rons on the wing with 5:1 taper were in most casés so low
as to make these.ailerons useless for lateral coatrol. The
short wide ailerons withk both the. extreme differential and
the up—-only movements gave the highest values, those for
the tapered ailerons with constant percentage chord being
higher than those for the straight ailerons ha¥ing con-
stant absolute chord, but the highest was Oonly &boul 60 per
cent of tne assumed satisfactory value. None of the aile—
tional equal ip-and-down and ordinary differential move-
ments. These tests indicate that ailerons on tapered wingcs
give excellent rolling-éontrol moments at angles of attack
below the stall, but that these moments decreaséd VBYFTY TED~
idly as the stalling angle is exceeded g0 tEat the control
above the stall is very poor. = RN

At g = 30° +the ailerons on the tapered wings gave
higher values of RC .than those on the rectangular wings,
but for the wing with 5:1 ftaper this fact means little, for
the values were very low aund in some cases nebative for tne'
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angles of attack between that for the stall and 30°
Lateral c0ntr01 with sideelip. If a w1ng 1g yawed ap-
"preciably, a rolling moment is set up that tends %o railse
the -forward tip. The magnitude of this rolling moment is
always greater at very high.angles of attack than the avail-
able rolling moment due to ‘ordinary aile:ons. The highest
angle of attack at which the aileron. can balance the rolling
.moment  due to 20° yaw is tabulated for all the arrangements
tested ds & criterion of ‘control with sideslip. 4s pre~
vipusly mentioned, 20° yaw represents the conditions in e
fairly.- severe aideslip. The rolling control agalnst the
effect of 20° sideslip for any of the ailerons on the ta-
" pered wines was from 1% to 392 lowaer.than for the’ corre«-'
.spondin& ailerons on rectangular wings._ fﬂ :

o Yawing moment due to ailerons.— The desirable yawing
moment due to ailerons depends ‘to some extent upon the type
of airplane that is being considered. It is obvious that a
yawing moment tendinb to retard the high winb when the air-
plane is banked is never desirable. TFor hiﬁhly maneuverable
.military or acrobatic machines, complete independénce of the
controls as they efféct turning moments about the varilous
body axes- is probably a desirable feature. On the other
hand, at high angles of attack a yawing moment of the proper
magnitude tending to- ‘retard the low wing would, under cer-
tain circumstances, be an appreciable aid to safe flying for
large mransport airplanes or forn machines to be opérated by
relatively. inexperienced pllots. The yawing moments caused
by the.ailerons on the wing with 5:3 taper vere. slightly
. Smalle:r below the stall than those for the corresponding
ailerons on rectangular wings, but just above the stall at
an ang.e of attack 6f 20° the s dverse yawing moments were
greater. than for the corresponding ailerons o6n rectangular
wings. In fact, for all 'the aileron deflections excéept the
-up—-only, the adverse yawing moments above the stall were
gresber than could be overcome bv an average rudder._

On. the winb with B5:1 taper at ‘an angle of attaclk of 0°
the ailerons produced smaller values of the yawing moment
coefficient than the ailerons on elther the rectangular or
5:3 tayered wings, and ther produced no adverse yaving mo-
ments of serious magnitude. At o = 109 no adverse yawing
moments of aprreciable magnituvde were produced by any of
.the.-allerons on the wing with 5:1 taper, reaardless of the
form of movement. * Just above. the atall, at o = 20°, how-
ever, all the ailerons with all. of the moyements except the
up—only gavé enormous adverse yawing moments. the vhlues
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being from three to four times those produced by an average
rudder.

Lateral Stability

(Ailerons Neuntral)

Angle of attack above whick autorotation is self-
gtarting.~ Thig criterion is & measure of the range of an—
gles of attack above which autorotation will start from an
initial condition of practically zero rate of rotation.
The limiting angle of attack was 3° lower for both of tha
tapered wings than for the rectangular wingsg.

Stability against rolling caused by gusts.~ Test
flights have sghown that in severe gusts a rolling velocity

such that %L% = 0.05 may be obtained. Comsequently, the

rolling moment of a wing due to rolling at this value of
%lg glves a measure of its stability characteristlca 1n
rough air. " In the present case, the angle at which this
rolling moment becomes zero is uvsed as & mOre severe BFi-
terion than the previously mentioned angle. at which autoro-~
tation is self-starting, to indicate the practical upper
1imit of the useful angle-of-attack range. With 0° yaw the
angle of attack for initial instability is also 3° lower
for either of the tapered wings than for the rectangular.
The actual value of the limiting angle is 14°, which it is
interesting to note 1s 2° below the angle o6f attack for
mazximum 1ift. With 20° vaw the limiting angle for the wing
with 5:3 taper was.about the same as that for the rectan-
gular wings, but for the wing with 5:1 taper the limiting
angle was 3° higher, and had the same value as for 0° yaw,

The above criterion shows the critical range Delow
which stability is such that any rolling is darped out, and
above which instability exists. The criterion, maximum C),
indicates the degree of this instability. Fith 0% yaw both
of the tapered wings had maximum values of €, “~which come
within the range found for wvarious rectangular wings teated.,
The range of these values is fairly wide becausé they de-
pend in a very critical manner on the exact dimensions of
the airfoil, and are affected by variations which are well
within the ordinary limits of accuracy of construction for
wing models.
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The maximum autorotational moment with 20° yaw is of
importance only in the condition in which the ailrplane tisg
gskiddesd and the forwaréd wing tip is rolled upward or the
rear tip downward by a gust. With 20° yaw the value for
the wing with 5:3 taper was about the same as those for the
rectangular wings, but with the wing having the 5:1 taper
this autorotational moment had only one-half the value of
those for the other wings.

e

: P T sim e d by T ogdaat
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Gontrol Force Required

"he hinge moments of the ailierons on the ftapered wings
were not measured in this investigation but were computed
from the results of previous tests on hinge moments. Using
data ¥from reference 3 as a basls, the effect of wing taper
on the hinge moments of the required shapes of allerons was
deternined, assuming that the hinge moments varied as the
square of the aileron chord and directly as the aileron
span. -The hinge moments of the ailerons on rectangular
wings, reported in Part I, reference 1, were computed from
referenée 4, since those tests were made on similar wings
under Eimilar test conditions. The actual hinge moments of
the allerons on the present tapered wings were calculated
using the moments of the aileroms on the rectangular wingse
as a standard, and the effects of taper as determined by
the atove method.

A coefficient repr€§€ﬁting the force required on the
contrél stick was then computed in accordance with the fol-
lowing formula:

where T ig the control force required, and t represents
the length.of the control lever. Similarly to the rolling
criterion, +the C in the denominator gives the value of
the. coéfficient the proper relation regardless of the angle
of attaetk or air speed, steady flight belng assumed. Al-
though the testg daacribed in reference 3 were made at =&
relatively low Reynolds Number, the control forces as com—
puted are believed to be accurate within about 10 per cent.
Values of the coefficient are given in Table XVI at 0° and
100 angle of attack for the assumed maximum aileron deflec~
tiong, the top of the control stick beilng given the same
meximua travel in all cases.

T
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It will be noted that the control forces for allerons
on the wings tapered 5:3 are reduced by about 32 per cent
of the values for corresponding aileroas on rectangular
wings. The control forces for the tapered~chord ailerons
on wings tapered 5:1 are reduced by about 57 per cent and
the forces for the constant-chord ailerons are reduced by
about 65 per cent of the valwues for the corresponding alle~
rons on rectangular wings.

CONCLUSIONS

1., The general performance of the tapered wings was .
slightly better than for the rectangular in regard to spesd
range, but was slightly poorer in regard to climb, the ef-
fects being greater for the wing having 5:1 taper than for
that with 5:3 taper. )

2. The rolling control given by the ailerons on the
wing with 5:3 taper was about the same below the stall as
that for corresponding ailerons on rectangular wings, but
above the stall it was somewhat lower than for the rectan-
gular wings, and also well below the assumed satisfactory
value. At the angles of attack below the stall, the yawing
moments casused by the ailerons were somewhat lower than
with the rectangular wings, but just above the stall the
adverse yawing moments were greater. ”

3. The ailerons on the wing with 5:1 taper gave hetter
lateral control at angles of attack below the stall {2 re-
gard to rolling, yawing, and hinge moments than the corre-
sponding ailerons on rectangular wings or on the wing with
5:3 taper, but Jjust above the stall the rolling moments fell
off almost completely and adverse yawing moments of great
magnitude occurred.

4. The autorotational tendencies of both tapered winys
were 2bout the same magnitude as those of tue rectangular
wings, but started at an angle of attack aboutl 37 lower thaan
for the rectangular wings and about 2° below that for maxi-
mum 1ift coefficient. '

Langley Memorial Asroanautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., November 16, 1¢32.
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B ‘T.R. No. 439, F.A.C ed., 1932, by Fred E.
weick and Joseph A, Shortal.

VI. BSkewed Ailerons on Rectangular Wings. T.R.
Yo. 444, X,A.C.A., 1232, by Fred E. Weiclk
and Thomas A Harris.
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w*\\e; ~VII. Handley Page Tip and Full-Spar Slots with Alle-
"~ roas &nd Spoilers. T.N. ¥o. 443, X.a.C.A.,
T 1933 by Fred B. Weick ana Call J Tenzlnger.

VIIiI. Straight and skewed Ailerons on Wlngs with
Rounded Tipe. T.N. ¥o. 4&5, ¥.4.C.a., 1933,
by Fred E Weick and Josepkh A. Shortal.
T : SR TR EonFem ¥ B 2 T T TR
2. Harris, Thomas A.. The 7 by 10 Foot Wiana Tunael of the
:National Advisory Committee for seromauties. T.R.
—¥o. 412, ¥.A.C.A., 1931.

3. Hoot, H. I.: The Effect ofAirfoil Thickness and Plan
Form of Lateral Control. T.R. Ho. 1689, ¥N.aA.C.A.,
1823,

4. Monish, B. H.: Effect of Variation of Chord and Spen o
of Allerons on Einge Homents at Several Angles of .
Piteh. T.R. No. 370, N.A.C.A., 1930.



¥.4.0.A. Technical Note No. 448 Tables 3 & 3
TABLE II

JOROL TX8T8. OLARK Y WING TAPEFRED 5°': 3
'ITE TAPERED OHORD MEDIUX AILERON (ONE AILERON OXLY)

R.X. = 809,000 Yelooity = 80 m.p.h Yaw = 0°
< |4°|-?Jo°|53 |1o°|1s°|14o[s°|s°|17° 1a°|zo°|aa°las°|so°|4o°|5o°|eo°
6‘ Alleron 1ooked and nsufzal
0, |0°|0.007(0.077[0.148/0.2383 10.718|1.080 [1.183 [1.249 [1.20R [1.2765 [1..330 |2.193{1.086 [1.028 [0.741{0.753 [0.748}0.700[0.580|.
0° | .o1s| .018] .017| .081| .04%7} .08s{ .107} .138[ .138| .16%3 | .178] .1e7| .837 [ .269| .363| .480| .688| .8E8{1.018
Right silexron up .

! 0.018 0.017| . -.001 0.005| .003
o, -.00L -.004 ~-.005 -.005 |~,008
o .03 L0335 [ - .009 .013| .00
o' .000 -.005 - -.008 |-.009
o .038 .040T— 0.039 0.034 0.037 .01%50.00810.014| .0168] .013
o, .003 -.004 -.007 -.008 -.010{~-.011 |~.010{-,008|~.010 |-.011
ot 044 048 — - .019 | .0aa3| .o17
gt .004 -.003 -.011 -.011 |-.01%
o .048 L0481 —= .045 L0423 .034] .018| .017| .018| .035} .019
o, .008 -.003 -.004 -.008 -,008|-.009 |~.00% |-.008 |-.020 |-.014
ot .0B3| = 085 034 .030| .03¢
a,! .008 -.001 i -.008 ~.008 |-.014
?' .060 .08¢ 1 .068 .087 .o48| .023] .037] .013| .013| .018

| .009 .003 -.003 -.004 ~.008(-.007 |~:007 |-.005~.007 |~.009
o 084 .089 .0as 064 .063| .023| .0%3] .013| .010| .013
o' - .013 .008 .oaLl, -.001 -.004 | ~.005 |~.005|-.005|~.007 |-.000

Bight aileron down "

o -.010 -.010 -.009 -.008 ~-.003| ~.003 [0.001 [-.001}~.003 |-.001
0. -] w001 .003 .003 .003 .003 .003| .co1| .oo1! .c03| .00
| oD -.012 -.011 -.004 ~.003 |-.003
0! ..001 .003 004 .003] .003
o™ -.016 ~-.015|— -.004 ~.003 |~.001
- .003 .004 . . .004| .003
o -.018 -.015 -.004 -.003 [~-.003
[ .002 .005, 005, .004| .004&
ol -.019 ~.017 -.008 -'882 -.003
0t .003 .005 1 .00B . 004
o -.031 -.017 -.003 -.003|-.002
Q. .003 008 .008 . | .004} .004
o -.023 -.018 -.008 -.003|-.001
0y’ .003 .005 006 .005| .004
o -.035% -.019 -.017 -.014 ~.008{ -.002| .00%(-.003|~.00b{-.001
o} .003 008, .008 .007 .008] .008| .003| .004| .00B| .00S
o -.038 -.024~ : 003 -.004|-.003
q . . . . - | .o0e .007| .0Q7
o -.033 -.0%9 -.033 -.013 -.004! ,001| .005|-.003|-,00%{-.001
- .007 011 011 .010, .013| .009] .007|. .008] .009| .008
o -.037 - 081T—= : 001 ~.004(-,001
0y! .008 .013 011 011!
o -.040 =01 — .005 -.003| .
o .011 014 .011 .012| .011

$ABIE III - .

FOROE TESTS. OLARK Y WING TAPERED 5 ¢ 3
WITH TAPERED OECRD MEDIUM AILEROX (oxE AIIIROI OXLY)

« -0 |40 [ [o° [0 |10 13°]14.°|15°|1e°|17°|1a°ﬁo°[aa°|aa°|so°lm°]so°[so°
6y Aileron locked snd nsubtTel  30° yaw

0, |0° |o.o0e 0.135|0.323 |0.845(0.643 [1.041]1.231 Jrae0 1.178{1.155/0.887[0.848]0.832]0.783 [0.722[0.600

oy |00 | .07 .017] .030] .041| .079| .084| .112 130 J181{ .213| .248| .404| .485] .653( .s3&|1.003

o' | 0% | .00B .008| .008| .010| .0l4¢| .017{ .023 .038 .070| .105| .110| .094| .078] .054| “047| .044

g,' |0° |-.008 ~.003{-,003 |-.003 | ~.00& |-.00% }~.008 ~.013 ~.004-,023|-.030{~.040 |—. 043 |-.041 {-.048 |-.084

Ailerod locked and nsutral  —20° yaw i ]

0° [0.001 0.133[0.312]0.625]0.929 [1.083]1.10% 1.167 1.191[1.173]0.857[0.884]0.838]0.788 [0.730[0.620

L 100 | .030 .018| .02L| .043] .o78| .09B| .111| Az J181) .207| .559) .401| .493| .688| .s49|1.017

t |00 |-.008 -.007|-.008 |~.0128|-.016 |-.030|~.015 -.033 ~.041|-.088|-.083|-.003|~.083] -.064 [~.047 |~.044

o' [ o0 | .01 .001| .001| .003| .005| .008[ .c08 .018 .01¢| .015| .028] .037] .043| .038| .044| .082

i Righit aileron up =-20° yaw s
o 0.038 0.029 0.040 lo.001 0.044{0.045/0.028/0.031]0.021]0.620
0. RE° .003 -.004 -.007 -.008 -.010{=.013]|~.031|-.018(~.013|=.000
oRt 051 .053 .0 084 .057( .0%9| .040| .038| .0s0| .018
o' [68 . -.003 - -.008 ~.010|-.013| -.024! ~.021|~.01%7|-.011
o .059 087 .08 .089 .071| .078| .049] . .037; .004
0t .010 .003 ~.003 ~.000 -.007(-.010(-.084|-.0a1{-.017[-.008
oM lso° 081 .073 .076 077 .080| .083| .oz8| .o4sl .031] .o08
0y .01% .008 .00/ -.001 -.004|-.007| —.033| .00 |-.018| -.008
Right aileron down 20° yaw

0|7 =.008 -.008 -.008 , |-.008 -.005(-.003] .000|-.001]-.002]-.,001
o] 7 .00L .003 -003] | .003 .00a| .003| .008| .003| .ooz| .00
ofr 189 -.018 -.014 -.0L ~.014] -.013|~.008|-.002| -.00¢| .00L] .007
o ! 182 .004 .008 .008 .008] .008] .008| .005| .008} .005] .008
oP (280 -.038 -.022 ~.031] -.020 -.018]-.014] -,004| -.006|-.003| -.003
0,' [85° .008 .010 .0 .010 .010{ .011| .015| .010| .008| .010
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TABLE IV
ESTS. OLARK T WING TAPERLD 5 T g
WITH umm CHORD SHORT WIDE unmo: (omz nr.mox ONLY)
R.X. = 809,000 Velooity = 80 =.p.h. Yaw = O
« _5°j.4°|-3°| 0°L 1o°‘ [1¢°|1a°] e°l17°|J.a°|ao°lsz°Tas°|3o°|4o°|5o°|so°
ISA Alleron locked snd neutral
% lo, 74 [0.145|0. 393 0. 'ue 1 055 1.158 |1.247|1.273(1.383(1,345/ 1.180/1.105|1,033{ 0,740} 0,785(0,780|0 se 575
83 80 O.g%grg:.g o.o:.s .03 .108) .126| .137| .163) .176] .197| .237| .284| .3v3] .481] .883
Right alleron up :
vl10° 0.027{~ 0.018 0.004/0,003
g’;,' 10° -.001 =,004}~,004
¢ (200 031 .034 “lolo| 007
on' |a0° 1, -, 004 .000| .001
o, |as® .0387"~ JO41 0,038 0.037]0.033] 0.038 \013| .010
On' [28° 003 -,003 -.008 -.007|-.008] -.008 ~.008|~,010
0; ' {30° L0438 - - 048} - . JOL?7| .0l4
On' |30° .005 -.001 ~.010]~.013
6 ' 380 <047 .083] - +050 +048 .028 .018{ .017
on' [38° .007 .000 -.003 -.004 -.007 -,011}-.013
o' |40° .0B3 058 .033| .023
On* [40° .010 003 -.011]-.018
0, |80° 080 .0eg «089]0.068| .067] . 054 .018] .03
Cn' |80° .014 .007 .004| .003| .003| .001]-.008 -.007/=-.018
o ' [80° 083 .Q78 .078 .078| .073| .088 017} .0
On' [80° .018 .010 007 .006} .005{ .003 -,008{~.011
Right aileron down : -
o' 7 -.013 -.009 -.009 -.010]-.003] -.004| 0.000}0.003| 0.000}-. 003} -.00L
on' [ 7° .003 .003 €Ok .004| .004{ .004| .004| 003} .cO3
o' [81° -.018 -.011 ,002 ,003] -, 00L
On' |8E° .003 .004 .008 .
o 100 - 0L7T—< |-.013]= .COL -.001|-.001
Gn' |10°, .008 008 .008 .00B| .
ot -.goag -, 026 .ggg -.001|=.00L
On' f1 . . . .
o 1:0 -.018 -.018 .002 -.% -.001
Cn! |1 . . . .
c,n: 130 -0 -l017 003 -9%a| .01
1 . . . . .
8."- 14° -.08L -.018 001 -.003]-,00L
Op' [24° .004 007 . .007 .006| .007
o |18° -.083 -.018 -.018 -.018|-.009( ~.008| .00&} .007|-.003}-.00L| .
On' |18° .005 .008 .008 .008] .010] .008| .007| .00B{ .008) ,007| .007
c; * |20° -.087[— |-.0337 - . .000} .000
Cyn? [20° .007 010 . .008! .010
o' |as® -.030] . -.037| -+ |-.087 -.083)-.013] -,621| .001| .008} .000| .001| .00
Cn' |3 .008 L0135 014 L0185 015 .0M4( .011| .008] .008| .010{ .01l
0, ' |30° =034~ |- = 004 .003} .003
Op! |30° 011 .018] - .013 .013) ,013
gt (369 -.037 - 008 3| .003
Op ! |38° .013 016 018 L013| 014
TABLE ¥

FORCE TESTS. OLARK Y WING TAPERED 5
WITH YTAPERED OHORD 8HORT WIDE AILEROX (on: AILIPO! oNLY)

Q O («] (-] 0 Q (-] (o] 0 Q - (-] \"J O i3 (-3 (-3 o
< [0 rs°|1o|1alu[:.sl:.s|17|1a|ao|aa|zs|so[40[50|so
8, Alleron logked gnd neutral 20° yaw ”
or, | 0° {0.003 0.130(0.318[0.838|0.940 1.178/1.178|1,170{1.128{ 0.853}0,.837|0,.785 (0.737|0.610
op | 0° | .01? .017| .031| .041} .077 .143) ,1680| .308| .Pe3| .408] .485| .e88| .839!1.003
oz'| 02| .008 .008| .008[ .010( .01% .047| .058{ .103| .117| .094| .075| .0B3] .049] .S
o'} o° {-.008 =.008|=,008 |-.003 |~.005 —.018{ ~.014|-,020 {~,088| ~.040|~.043|~.040 |~.045|-.054

' Allezor loa -a0° yaw .
o [ 0°[ .000 .180[ .308] .eas] .e18{1.088 1.270]0.875] 0.843]0.830]0.783 [0, 728 [0. 820
op | 2| .018 .017| .0B1| .041| .078[ .08 .203| .341| .398| .485} .655| .881[1.018
ol 0°(-,008 =.007|~.008-,010 |~.016(-.01% ~.085!-,084! =.101|~,075|~.081 [-.048 | -.045
on'| ¢° | .o02 .001| ,001| .003| .005| .008 .015) .028| .038] .041)| .035) .045] .053
Right aileron up '
¢, v|aso 0.038 0.037 0.037 0.038/0.038(0.037|0.041|0.039|0.029]0.040]0.001
Ga' | 380 , .004 -.003 ~.005 -.007|-.c08|~,008|~,011 |-,021| -.020|~.012]~. 008
o; ¢ 3850 .05¢ LOB8{ .054 054 .068| .080| .043| .045{ .030| .c0%
On! | %80 .003 .000 ~.004 ~.005, ~.008!~,018(~.036| ~.085|~,019|~.011
ot sog | .08y .078 .081 .083 .085] .0%0| .071] .068| .043| .030
Oa' |80 .018 .009 .004 .008 -.008|=-.007|-.033| -.086{~.031 |~.018
0; ' |680° .080 077 .088 .01 .088| .108| .0es| .080( .053| .039
Cn' |60° 019 013 .010 .008 .004]~,001 |-.017|-.030{~.018|-.016
Right sileron down  230° yaw |
o'l 7 . 008 -.010 ~.008 -.008 ~.007|-.005 |-, 008| -.003 |-, 001 {-.001
ca'| 7° .003 .00%, .004 004 .003| .003] .00%| .003] .005| .004
g ' |18° -.009 -.019 ~.019 -.017 -,015|-,010 |-,011}~-,003|-.002| .000
On’ (150 004 007 .008 009 .008{ .007| .003} . .005| .008
o ' | 882 -.030 ~.037 T -.084 ~.083|-,015|-.010|~-,008 |-.001| .000
Op' |35° .009 L013 014 .01B .013| ,013| ,018/ .011] .009| ,0L0
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TABLE VI

ROTATION TESTS8. OLARK Y WING TAPERED

5:

: - t
0, 1is glven for foroed rotation at H = 0.05 tg

E.l. = 808,000

Yelooity = 80 m.p.h.

alding rotation
damping rotation

Tables 8 & 7 -

[ o o T [ Lo [ [ [ n [ e o b [ o [ e [

[ [ [

Allerons neutral Yew = O°

(+) Rota-
(,_m:if“ b, |-0.033 L.019|-.018[-.003| .000| .020| .038| .035 .000 1003{-.003|-.003 |~.003 |-.003|-.008
wige) A
(=) Rota=-
(muné:r_ | .03 L.011| .003| .017| .033| .034| .045| .040 . 0044 .004| .00L| .000 | .000 | .000| .000
clockwise)
Ailerons nsutral Yaw = -20°
(+) lgtn—
on .
Aolock- [0, | -.028|-.028-030 ~.058(=,076 |~.084] -, 045 |~.087 |- .074) L.073 ~.088 (=, 084 |~.081 |-.047 [-.043
wise :
(=) Rota~
tion -.013|- -.028|~.089 |-.071| ~.084 |-.084 |- N ~.087 |-~. - - Od [,
(couton- Oa .013|-.00% .004 .038 |~ 089 |~.071| -.084 [-.084 |-.07 o7a 067 [~.08L |~.056 |-.044 [-.037
clockwise)
TABLE VI
FOROE TESTS8. OLARK Y WING T
. WITE 7ASERED OHORD NIDIUM AILERON n: .umm. oNLY)
R.X. = 809,000 VYeloolty = 80 m.p.h. Yaw = O°
a -a°|-4.°|-3°l e® |m°[1a°[u° 1s¢j17°l13°lao°‘aa°|as°l3o°|4o°rso°|eo°
8‘ Aileron looked and neutral -
0, | 0° | -0.010]0.061]0.133|0.238 [0.685]1.006|1.114] 1.214|1.578|1.288| 1..375/1.213|0.670|0.779] 0.713 |0.718|0.866 0. 568
Wl o° .017| .018| .016| .081| .045| .ce1| .20 .133| .144| .163| .173] .220] .338| .301} .488| .e51| .s843]1.004
Right sileron up
o, '} 10° .017 014 .004 .004| .004
0, 100 -.001 -.008 -.003 ~.004 |-.004
o ago .031 .031 .008 .008| .008
o: Y 20° .00, ~.003 -.007 ~.007 |-.009
of1| 369 .0 038 .033| .087 .018| .010{-.011]-.00% .01l5| .013
a,'| ase .003 ~-.003 ~.004 |~.005 -.008|=.007]|-.0 -.oogl ~-.008 |-.011
o] 30° 041 .040 .014 .017| .01%7
0.'l 300 .003 -.003 - -,009 |-.013
ot 350 s 045 045 .040| .030 .017| .010|-.007| .001} . 031
o, Y 38° .003 -.003 ~.003 |-.004 ~.008|~.008|~.015}~.004{ ~,010 [~.0%4
ol 400 .050 .080 .008 .012| .017
1| 400 .0086 .00} . ~.005 -.008 }-.011
" 50° .088 .058 .063| .048 .o28| .oo8|-.017|-.010] .007| .013
0,'[ 802 .008 .003 .000 |-.003 -.005(=.005|-.013| .000{-.008{-.008
o 80° .ce3 064 . .063 .035| .013|-.014|-.011} .007| .01
0,'| se° .011 .008 .003| .00L ~.003| ~.005(~.013|~.010} ~.006 |~.008
i Right eileron down \/
o 7 -0 - -.008 -.oov] —-.001|-.002|-.003 -.oﬂ-.oos -.002
. .001 .003 .003] .003 .003} .003| .003] .004/ .003| .003
8;‘- atao ~.015 -.011 -.003 ~.003 |-,002
n'| 8%° .00 .003 .003 .008| .003
0, '] 20° .01? -.013 ~.003 %:15 .00%
0,'| 10° .003 .003 004 .'oog .004
o | 1130 -.019 .015 ~.003 . .003
0, '} 1140 003 .003 .00 .001] .005
o1 .018 .016 .00 -%g -.003
0,1 12° .003 .003 .008 l% .008
o, | 13° .020 .018 ~.003 -003|-.003
0,'| 12° .002 004 R .002| .008
o 140 g -.031 -.018 .018 .00%3| .003
a,'| 140 .003 +004 014 .004| .008
O !f 182 -.033 -.019 -.015)-.0! -.003] .017|~.006[~-.030| .00%5|-.003
o' 18° .003 .004 .004{ .00 .003 .015| .o0B| . .003| .007
ot} a0° -.036 -, 034 L0168 .003|~,003
on'| 800 .004 .008 .06 . .007
oY 859 -.038 -.087 =.019 }~.01: -.003| .015|-.008)=-.033] .00%|-.003
o, '| as° .008 .008 .008] . . 019§ .008| .013] .0068| .010
o s0e -.039 ~.03) .01 003 [~.003
0n'| 30° 008 .008 i .030 0081 011
0| 380 ~.0%4 -.030 .014 . 003 |-.008
o, 280 .008 .011 .031 .011| .04
=
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TABLE ¥III

FOROE TESTS. OLARK Y WING TAPERED & : 1
WITH TAPERED OHORD MEDIUK uu:ml (OXx AILIROX Y)
R.X. » 809,000 ¥elocity = 80 m.p.h. Yaw = & 80°

. < —5° | 40 | =20 | 00 [8° [10° [ 120 [14° [2e0 [27° [ 157 | 20° | 32° [ as0 | 300 [ 40° [ 20° [(&0®
R 5‘ Alleron looked and nautral 200 yaw
oy, |09 [0.004 0.117 [0.288 [0.803[0.893]0.980[1.083]1.188 1.178]1.200[1.215|0.918[0.783[0.757{0.894 l0.E76
0 ,018 015 .o18| .038} .073] .0sa| .104] .136 \1as8) .a08| .a284| .308) .481) .633| .830] .887
'fo° | loos .60e| .010] .013] .o19| .021} .033| .029 .046] .084| .085| .040| .0B3| .OBL| .048| .04t
c,'{e° | -.002 ~.003 |~.001 {-.003{-.004{ - 005 {-.008 |~.008 -.001|-.003{-.003|~.021 [-.025]~.033] -.039 [-.048
AlleTon 16oked and neutral =309 yaw
0, |° | -.010 .08 .284] .ge1] .872| .973i1.083]1.137 1.188)1.16861.188| .923| .778| .783] .708| .Be3
o | o1 .o17| .031| .o%s{ .073] .088| .104| .133 187 .304| .2ea| .2e8] .481} .e40f .836(1.000
1o | < 008 -.006 |-.009 |-.014}~.019 -, 031 }-.028 |-.031 -.080| ~.068)~,072)~.080)|-.068|~,050) ~.048 |- .CAE
ot | ooz .001L| .001] .003| .o0s| .00B| .cos] .o08 .000| .00L[ .007| .037| .038| .C3a| .038| .043
Right sileron up  ~30% yaw
o 'fasef .033 031/ .031| .030 .039| .028| .029|-.c05| .c03| .018
0, '] 85° .008 -.003 - -.008 =.008/| «.007|~.015]~.003|~,008) ~.011
1| 380 048 . . .037 .037) .0%a| .039 . . K
t 3 004 ~.001 -.003|-.004 ~.008{-.009(-.013|-.039|-.008]~.018
+} 809 .088 .Q88! .083; .08 .049| .o48} .047] .010| .018) .039
0.'| 502 001 .003| .008| 007 -.001} .001| .00B| .0@s| .om| .0%a
of| 803 .08 .08 .080} .oB8 088} .054| .043] .018] .o11] .On4
o, '} ed 013 .008 .003| .00L -.001| -.004|-.007|~.084|~.008]-.010
Right aillsron down  30° yaw
o, t| 72 -, 008 -.000! ~.006 [-.008 =.008[ - .005]~.004~.008]~.002( ~.008
1} no X K . ~00% .004] .004) .008f . .003{ .
%- 189 -.01 -.016] =014 |-.00% ~.008) ~.,008~.008 | -.008 | -.005] -.008
1| 189 .00 004 .01% .0o7| .o08| . 007] . .
g,"- 350 - -.03 .030|-.008 —.010|-.010)~.010)-.008 | -. 0058} ~.004/
. o,'| 2% 008 007 009| .o0181- -018{ .013| .011| .010{ .008[ .00@
- ' TABLT IX

FORCE TESTS. OLARX Y ¥I
WITH TAPXRED QHORD SHORY WIDL L'HIRO‘I’ OoNx umor Og&!)
R.¥. = 809,000 Teloglty = 80 m.p.kh.

o 5% [ 40 -3° Jo° J6® Jao®[ame |14° J26° [37 [16° ]| 0 Jst°Lao°j«o°Luo°Jso°
6‘ Alleron locked and neutral
o, }o3 0.1 Jo.0gg] 0.151 |o. 533 |o.883]1.002 1.218]1.365 .aas:..aﬂ:..:oa:.oeooaaaomomoa'l 0.887
o |o .o1&] .o .030[ .044] .083 133 148 1e3| .335| .333 .847[1.003
Right ailsron up

f100 .08 .018 .003 .003] .004
8:- 10° ~.001 -.003 -.004 Ml-‘-.oos
g 200 1036 .034] : .007f .

t} 208 001 -.004 -.008 -.008| ~.008
| 350 040 .04 03] .03 o017l .010{-.010{~.008| .008| 013
0. 280 ~002 -.00 ~.006|~.008 -.008| ~.011|~.018| ~.003 |~.008] -.012
o) 20° 044 .048] L0186 .013| .017
a,'| 208 . -.001 -.013 -.009{-.014

+) 389 648 .053! 049} .04 .028] .019]-.002}~.001] .017} .0%1L
%- 260 008 ~000 -.003 |~.004 =.007} ~,018{~.018| ~,008 |~.010| -.018
o] 400 Q5L .088 082 .ols| .085

1} 400 L0007 +003) -.010 -.009} -.018
&n- 50° 1080 -087] .083| .080 .o45| .oxf .cosl-.010] .010[ .020
o 80 .611 .008 .003] .008 ~.003| ~,008|~.018-,003|-.007]-.014

1] 800 084 074 o13] 087 .023| .03a| .ols]-.008| .007| 017
%- 8o° 014 .000 007| .co8 003{ =.004{=.014|-.001 |-.008|~.001

Right aileron down Vv~
o |7 -.010 ~.007 ~.08]-.001 ~.001|-.001]-.001{-.00 .oo]E_[ 000
o' 7° 001 003 .003{ .002 .003{ .003| .003| . S%g 003
o | ek® -.012 -.008 -.002 -o01| .000
o 1003
o' ei 001 003! 003 -008| .00¢
G| 10° -.013 -.008 .016 ‘fgg: -.00L
0,'] 107 001 .003 o1 Zggg 004
o ' 1139 -.0L5 -.010 . .018 :ggg -.001
cy'| 1229 .008 .003 ) .013 Igg; .008
¢ ' 2° -.016 -.010 .o16 001} -.002
004
e, '|12° .003 003 012 {&g 005
ot 2 -.017 -.011 .08 2882 -.001
0’| 1%° 003l ] .o04 .013 Zggg 1008
' 142 -.018 -.013 018 2004 |-.001

140 . 004 013 L004| .008

t| 180 -.019 -.013 -.008 .000 -.001| - 017{-.003(-.009| .0O4}|~-.00L
On'| 18°. 1003 . . R | .005] .ox3| .cos| .00%7 .003| .008
o} 369 ~.034 -.017 017 1004 ]-.00L

'| 200 1005 .007 015 .008| looe
8;"- 260 ~.024 -.0l9 -.008 .00l 1000} .018| .000|-.00 .004| 000
0,') 26° .008 .008 .00 .00 :8%3 .017{ .ooe| .o11] .007] .000
oz '} 209 ~.026 -.019] - : 020 .008] .003
gl 203 .008 010 .08 g 018
o] as ~.028 -.019 081 . 004
o'} 38° .010 013 ) .020 .012f .03
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TABLE X

YORCL TESTS. OLARK Y WIKG TAPIRID 6 : 1 WITH TAPERED
ORORD SEORT WIDL AILERON (ONC ATLIROX DXLY)

R.E. = 609,000 Yelooisy = 80 m.p.b. Tax = 4 20°

« 50 [ 0o ] 5o a0° [1a0] 240 160 ] 290 | 160 ao°[aa°|as°|so°|4o°|so°feo°| | |
6, Aileron locked amd peutral 20° yaw
o, | 02 |-0.0880.2881n.603) 0.887 1.078]1.154 1.174|1.187]1.207 [0.928 |0.783 |0.758 |0.892] 0. 873
oo | ".018| .020| .0%8| .078 J1081 137 167|311l 389 | .36e| .481| .e35| .eas| .98
vj oo | ‘eoel lo11] .13 .o18 .028) .087 042 .osz| .o78| .033| .0e3| .o=3| .048| .
0,' | 0° | -.002|~.003{~.003} -.005 -.007}=-,007 -.00L | ~.005 [ ~.008 {-.020 |~.033 [-.033{-.028] -.04 |
Aleron locked and neutral -3C° yaw
o, | o | -.013] .283 .5e8| .see 1.088]1.1 1.162[1.163]1.1551 .e28] .7ea| .762} .703] .589
0o | o2} .050] .0%8] .071L .108} .136 Jam) .21l el .397! .483) 848 . 02% .986
v} oo | -.008|~.008 |-.015(-.018 -.087|-.0%4 ~.085|-.071 |-.078 {-.084 [~.050 [-.049 {-.048 | ~.04
6,'| 0° | .ooa| .co1| .c0a| .004 .006} .008 .001| .co1| .007| .029| .031] .033| .037} .043
Right aileron up ~-80° yaw
¢, ! 1380 .037 .036 .038| .038 .03} .035] .oas] .co7| .001| .00®
o' |28° .03 -.002 -.004|~.008 -.007|-.011|-.015 }-.018 [-.008 [-.013
opt |38° .08 .G49 .048| .049) 048! .047] .040] .008! .c08| .018
oy' |a5° .00%7 001 ~.003{~.003 —.007|-.011]-.0131-.0%0 |~.011 |-.016
0" |E0° .080 069 .070| .070 .08g| .068| .080| .019| .018} .CT4
y* [E0° .G13 .007 .004! .003 -.001|~.007}-.013 {~.035 {-.013 |~.018
o't lso? .080 .o78 .078| .080 .078| .079| .07 | .029] .038] .020
;' jea® 018 .013 .008] .063 003 -.003|-.0Q7 {-.031 |-.011 |-.013
Right silsron down  80° yaw
R -.010 -.008 ~.006]-.004 -.003[-.004[-.00¢ [~.003 [-~.002 [~.00L
o' | 70 001 003 .003] .003 .003| .003| .003 88:: .003| .00¢
o [1s° -.017 -.015 -.010| .00Y ~.004|-.007{--007 |-.004 [~.001 |-.081

' P e° 004 .00B .008] .007 ,007} .007| .007| .08t 004! .005

' a0 024 ~.018 -.015| -001 «.008{-.010|-.010 |-.006 |-.002 [~.001
0! |a5° 007 -009 ) .011} .016 .o12| .o11} .om1| .o11 .co7| .o08

TABIZ XI
FURCE TESTS. OLARK Y WING T, 5 : 1 WI?H CONSTANT
: CHOBD MEDIUK AILERON (ONE AILEROX ONLY) i
R.¥. = 809,000  Velooity = 80 m.p.h.  Yaw = O° '
50| 40] —3¢] oo #9[ 10°] 14°] 16°] 170} 180 30p | @@ | as0 | 20° | 40%{s0°] eo®
. . &
) N Aileron locked and neutral
o, | o° [--do7].0ea].1zd "2 .sae 1.013[1.227 |t. no 1. ae7 1.377(1.3%0 ssv 710 718 |.688
ch | oo | .c28|.015{.014] .01 |. 083 . aa .180| .334 455 84811, 007
Right sileron up

6 * 16> .020 .018 .001 .00% .Co4
Gn' [10° =001 -.003] -.008 -.004 | -.005
v laoe . . 007 .007 .010
g |30° - -.004, -.0 -.007 | -.010

' |38° .040 .0a1| .037| .032 .019{ .010 | -.010 .013 .013 014

' 280 .00L ~.004} =.005 |-.008 ~.008|-.008 | -.017 -.208 -.008 |-.Cl12

s [300 R 045 _ 007 .018 .018
c,* |00 .003 -.008 ~.008 1 ~009 |-.014
o |30 .049 .050| .043| .026 0lpl 008 | -.008— [ .08 .09 033
cp' |26° 004 ~.003| ~.004 |-.005 -.008]|-.008 | -.01B -.008 -.008 | -.016
et (400 ,-082 053 .008 X 015
oy’ 400 005 -.007 ~.005 | =,010
g ! |80° .080 083} .057| .080 .030| .013 | -.00@ . .008 .11
0p' (80° . -003] —.0C1 [-.003 -.005|-.007 { ~.018 ~.008 ~.005 | -.000
@' 809 .088 .089] .084| .055 028! .019 | -.007 .0104.018 012 012

n' |80° 011 .005| .003] .000 -.003|-.008 | -.01¢ -.004 ~.007 | -.009
Right aileTon down

'] 7 013 ~.003] =.008 [~.Q05 -.003] .01 | .0I1 008 | .0044-.003 | -.002

on' | 70 .001 .003| .003| .003 .003} .018 | .008 ~.001 | .003% .000] .003

v |gko -.0l4 -.011 019 |- -.003 | -.003}

* [st9 .003 003 K 002 .004

' 10 -.018 -.013 018 008 |- oo%

11100 .003 3 013 .003 .

' [1180 ~018 -.014 .018 .00 -.0038
&- 11 .003 .004, 013 .00 .005
o J1zo =081 -.015] .018 003 |-,
Gp* [18° .003 004 013 003 .

11130 - -0 018 008 | -.003

' 1130 . S04 .013 003
g,' 14° -033 -.016 .018 001 | -,006

' 1140 .003 .004 .01% 003 .008
of l1eo - 023 =.018| -.016 |-.009 -.004|-.019 | .008%.013 007 | .000%,.015| -.004
0.' 362 .003 .008 .00B]| .006 .008) .04 | .009 .003 004 007

1 |200 ~038 ~.033 .018 001 | -.004
&- 20° .005 .007 .018 . 009
o |as ~033 -.037}-.080 |-.010 .028] .015 | .0184,008 | .014&.010 .00L | -.004
o' |ase .008 .008] .008| .00, 021 .08 | .011 .003%..007 | .008 .01l
3" 30° ~.033 -.038 .019 000 |-,

' | 200 007 .010 .019 . .013
0" {380 =035 -.038 017 001 |-
o' |38° . .0 .0 011 014
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TABLE XII

FOROE TEGTS. OLARK Y WING TAPERED § : 1 WITH
' OHORD MEDIUM AILEROX (OFE AILEROK ONLY

R.X. = 809,000 Velooity = 80 m.p.h, Yaw = & a°

OUSTANT

Tables 13 & 13

« .s°|-4.°|-3° |-o°|5°|1o°.|14°|1e°|17°|1a°|ao°|aa°|35°J 20° |co°|5o°‘m°
5, Aileron locked and nsutral  30° yaw
o, | o°|o0.000 0.308|0.813[0.902|1.0680|1.158 1.183|1.187|1.204]|0.880 ©0.781 0.754|0.700|0.676
| .018 .o1e| .039| -.078| .105] .128 .1es! .313] .383| .387 458 .638| .831] .080
oo | .008 .010{ .01l4[ .018| .084| .030 048] .084| .008| .054 .083 .050| 047 .04C
gyt | 00 |-.€32 -.001]-.003] -.004|-.007|~-.007 -.001}-.003|~.008[-.088] =-.033 -,033!-.038 |-.0kt
Alleron locked and meutral «30° yaw
o, |02 ]--008 ,a93| .e01| .888(1.0%68|1.154 1.171[1.187|1.178| .938 .788 .180| .700( .B83
op {0° | .o18 .018| .0 .073| .104| .133 .188| .208| .a7l| .403 .488 .648] .833( .997
ot | 02 | -.008 -.008|-.018] -.017|-.086}~.031 _.0B1|-.073|-.071)-.038] -.060 =.049|-.047 |-.045
oy | 0°] .o03 .001{ .003| .o04} .008| .007 .001| .000{ .008} .07l .00 ,031| .026| .043
Right aileron up ‘=-20° yaw
0y |52 083 .035| .0%8| .033 .031{ .031] .038| .00% .003 .018
op' 253 .00 -.003}-.005]|-.008 -.007|~.008}~.012|-.008 -.008 -,013
ot |38 . Odd] . 043 .041| .o042! .038|~.008 007 .030
o' |382 . -,001|=~.N03]-.004 008! ~.008|-.018|=-.037{ _ -.007___}-.018
or |s00 .08 .087| .os8| .0B4 .os4| .os3! .o048|-.002 .008 .038
0y |203 .008 .003|-,0011-.003 -.004|-.007|-.011~.024| ~-.008 -.013
oy |e0 .057 .083| .084| .081 .o81| .oe1| .088] .003 .011 .031
o' |80° .013 . .003| .013 -.001!-.004|-.007}~. - -
Right nileron down  20° yaw
o] 7° -.012 ~.008|=-.008| .000 —.004]-.004] ~.005]|=.008| =.011 &-.004{-.001
on' | .00L, .003] .003{ .008 .004| .003| .003| .003 004 .003
o 182 -.081] «.016|=.017]~.008 -.007|-.008]-. -.004| -.008 &-.008[-.003
o' 16° 008! .095| .008| .013 ‘o8| .co7| .oo7| .010| .o0@ & .008) .007
ot |25° -0 -.084|~.010|-.008 -,009|-,011|~-.013|-.008] =-. -,008
ot |as° . .008| .018{ .017{ L014} .013| .011| .010 R .010
TABLE XIII
FORQE TEGTS. OLARK Y WING TAPZRED 5 : 1 WITH QOKSTART
OEORD SEORT WIDE AILEROX (ONE AILERON ONLY)
R.X. = 808,000 Veloolty = 80 m.p.h. Yaw = O°
o -s°|-4°|-3°| o°|5° |1o°|u°|1e°|17°‘-1a°‘|ao°|z:‘°|ss°| 30° | 4o°lso°|so°
[ A ~ Alleron locked and meutral
o, | 0° |-0.005{0.085|0.1%8 0.340 [0.689] 1.013[1.516[1.285 [1.290|1.265{1.165|1.115)0.847 0.758 0.730l0.6870{ 0,555
op | o° ‘017| .o18| .o18] .osr| .048| .084| .133| .147| .183) .185 .256| .319] .390 .488 881} .848{1.013
Right ailevon up
-tog v 1109 .030 017 -.018 .013 .004
gn' |10° -.001 -.00% -.011 -.008 -.005
oy |a02 034 034 -.0L3 .018 .008
9, 20° .001 -.003 -.013 | _-.009__ | -
oft |as° o4 .040 .0428| .040| .033 .080|-.005| -.003| .00 .017 .013 '
o, (380 003 «~.003| —.004 |-, -.010|-.016|-.016{-.018] -.010 -.0123
o 302 .044 .047 -.008 .08l .0L7
0" |300 .004 -.001 -.018 i -.013__1| -.015
o |80 048 .085| .0B1| .043 .031| .001| oo08| .01B .023 .023
o, ' 380 .008 .001| -.003|-.004 -.008|~.017]-.018{-.015] -.013 -.018
op |40 .083 .058 .002 .037 .026
o' |40% .006 .002 -.018 | -.013__ 1 -.0L%
o |80° .080 .089| .089| .083 .o49] .o14| .008| .029] .034 .023
o,' {800 .012 .005| .003| .00L =.004|-,014|~.014{-.013] -.010 -.014
o't [802 .088 .ors| .075| .088 .058| .0az| .o008| .015 .034 015
o, ' {80° 014 .008| .008} .00B .000{ ~.010| ~.0%14|~.008 - -.013
Right Alleron dcwn .
o' 7° ~.011 =.007[ -.006[-.006 —.003]-.001] .000] .004] .006 £.014] -.001
o) 70 .001 .003| .008| .003 001! .003| .004|-.002{-.003 &.000| .003
ol |gko -.013 -.008 -.004! .013 &.008| -,013
oy |80 .002 .003 005 -.001 &+,001 .004
o' |10° -,018 -.01 =000 .013 & 060B) -.003
g,' |00 .003 004 005 .000 .008
8‘ v [134.° -.018 -.013| -.004 .012 &.005( -.001
o' [118° .003 004 008 .000 &.008| .008
g,- 1 -.017 -.01% -.004 .01a -.003
' |13° .003 .004 .08 .000 .008
8‘ 1 [130 ~.018 -.014 -.004 .013 -.003
1|138 .003 .005 .008 .000___| ' .00
g,“- 140 -.030 -.01 -.00. .0 -.003
! |340 .003 .005 .007 .001 .00?
o |18° -.031 -.017| -.013|-.008 .014|~.004|-.003]~.004 .012 -,003
q,'[18° .003 .00B| .006| .005 ~.013| .008| .COB| .000] 001 | .007
8’- 1300 -.034 -.018 -.003 .01l -.002
v| 200 .005 .008 008 .003 .008
Ds | 35° -.028 -.030| -.013| .01 ,O15| =.005| =,004|=.003, L011 -,001
1380 .007 . .008| .0L7 017 . .009] . .008 | .0l
+|30° -.030 -.030 -.008 T .013 000
! 1300 .008 .010 .013 .008 .04
81' 380 -,033 -,031 -,001 0123 .00}
- |35° .010 .013 .04 .008 015
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TABLE XIV

!OROE !IETB. OLARX Y WING TAPERED 5 : 1 WITH QQNSTANT
BORD B30AT WIDE AIEIRO? (oNx ALLFRON OWLY)

R.N. = 808,000 Velooity = 80 m.p.h. Yar = & 20°

« -5° ]-4.° [-2° [ o° & Jioe [1eo J1g0 [uro [26° [200 [220 [me0 | 300 | 4o°Tso° | 800
5‘ Alleron looked and neutral’  20° yaw
0 | O° 0.303]0.605[c.e88]1.088 [1.247 1.175[1.1951.308 [0.928]0.8235|0.755]0.896 jo.579
op | 00 0i8 .o1s| .ozs| .ovz| 207|138 189 | .2:0( .369| .297| .47c| .e3a| .818| .887
61| 00 {°°5 .o10| .oa3| .our| .033| .03 044! 03| .083| .053] .083| .0BL| .047] .045
c ' | 0° |-.008 -.001|-.008|-. 904|008 [-.003 -.003 {=.011 |=,008 [~.087|~.038 |-.033 | -.038 [~.044
Alleron locked and nsutral -20° yaw
0y ] 0° |-.008 798| .B91] .680]1.080]3.138 1.166]1.170]1.185|1.028] .78@] .768] .708] .583
og {o° | o8 .03} loso| ova{ 105| .128 \1es| .308| .ze7| .368| [483| le43| (833! .982
o' | 00 {7208 -.008| -.014 -.018/ -.026 |~.023 -.083}-.090{=- 378/ - .045}-.053|~.050| -.048 | -.04
e i * .
oyt | 0o [ .o01 .co0| .000| .coa| .cos| .0o7 -.008(-.007{ 308! .o13| .ozs| .033[ .037{ .04
' Right-aileron up  -20° yaw
ogTzsC' .038 .034 .034] .031 .os1| .0304_-323| .c00| .c0a| .o010
op' |as° .00t -.001|-.008 |-.008 -.007|-.010{=:31%)-.010{-.008|-.013
> Ar
0" [=8° . o8] | .00 .048| .07 .o4¢| 0a8{ ‘BBl 10| .v0e| .018
-
0q' 360 .008 .001|-.001 [-.00¢ -.008|-.011{=-917|-.021|-.013}-.016
0y |800 _ .05% .0es| .0es| .oss .08s| .osa{ ‘281! .co7| .oz0| .02¢
-
0g" [0° .018 .008{ .004| .001 -.001|-.008{=: 3151018~ .015 ~.008
W 2
oy lao® 085 .o%| .o78| .o75 o8| .076] -3%2| .o18| .0%| .o28
o,' eo° : .019 .o13} .008| .008 .003(-.0024=:021\_ o18{-.013(-.01¢
Right alleron down 230° yaw
0| ?° -.007 -.007|~.008| .008 -.003|~-.004 |-.005|-.006| .018|-.003
on' | 7° .00, “00a} .003| .004 -004| .004| .003| .003|-.005| .00&
o 1189 ~.018 ~.015(-.008 |~.C0B =066 | -.008 [-.008 [-.00&|-.015{-.003
Cn' {182 .004 .008| .011| .008 .008| .007| .007| .008)-.003] .007
1 [as0 ~.025 -1081|~.007 |-.004 -1007|=.010|-.011 -.008| -009{-.00L
o, |as° 1007 .010{ .oi8| .013 .13 .013| .018| .011{ .00B| .00
_ TABLE IV
. ROTATICN TEE1S. OLARK Y WING TAPERED 5 : 1 S oEm e
. +] siding rotation
0, is given for forosd Totation at BB = 0.08 {4 yiding motation
R.X. = 608,000 Velocity = 80 m,p.h.
“Ta] & T 20° [ud® Jae° [ 260 [ 180 [26° 300 [a10 | az® [ae0 [as® [ 23r° [50° [ 40° |
Allerong neutral  Yaw = O°
(+)
Rota~-
tion | 0, ]-0.022|-0.016 0.001 0.050]0.087}0,028| 0.041 [0.014 J0.013] 0.008 9.004 0.001 |-0.002
©loC.t= .
wise)
(-)
Rota~-
tion
(oo~
ter- | o | -.008 | -.022)~.003| .008| .05} .035{ .035| .038| .cl6| .ow1 .0 .000| .00
olock~
wise
Ailerons neutral TYaw = -20°
(+)
Rota-~ )
sion | 0] -.030 -.018 -.014 017 -.008 |-.010 |-.008| ~.008) 0.010|  |-0.017|-.087| -.030
[ - b
wige
{-)
Rota-
tion
{ooun- | o, | —.0u1| ~.010| .o01 .011 .038| .034| .0a3| .0z .030 .02 .027| .03
ar=- *
olock~
wise
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TABLE N1

ORYTEAIONS SEOWIEG BELATIVE MERITY OF ATLERONH
(Assumod Bight Mleron Dp amt Laft nlem Down)

‘O o530y TROTUWORL Y O'Y'K

-2 4

R ) " [ Plain allerons a6 cent |Plaln ailorons 40 per oond ? ohord, 'rgend. ohord
o by 40 per oeat b/3 (as- |a by 30 per cemt b/a. um allerons abort wids aileroms
med nndud. size}. Bhort wide, ragtangular B3 tapered wing 5:5 tapared wing
Subjsok Oriterd pular wing. |¥ins.
on
I Stand-| Dif- | DLL- Bhand-} Dif- | Dif- Byand--! DA~ | Dif- Stamd~] Dif= | D2~
ard far~ | for- |. ~ | for= | for— ard far- | fer- 3351 far- | far-
85° up| e~ | en~ 26% up| sn~ | a0~ uwp] sn~ | an- c:{- up| o= | en- U
250 dn| ¥1al | tial BEP dnf tlal | +iml dn) tinl | tial BDE 250 dn| tial | tiad Uﬁ
369 4p (500 wp| 30 3508w 1589 oo (200 35 up {05 up|
up {507 wp up
16° &8 " o 150 & -PE 157 an| 79 dan 1° an) 1 o
aran or
myimm spasd lavimm O ‘\ 1.270! 1.8%0| 1.2701 1.370| 1.888) 1.268| 1.389 | 1,386 | 1.875| 1.376] 1.375] 1,875] 1.383| 1.283| 1.388] 1.783
fipesd TeAge Max Op/iin Oy 16, = 0% | 7o.40 7o.4| m.4| 7a.4| 8.8 va.5| me.Bj m.5| s0.7| so.?| a0.7( eo.7| 1.7 @m.?| e1.7| mvy
Raka of olimb L/D o Uy, =0. 70 16.8) 16.,8] 18.9| 15.0] i6.8| 154! 15.8] 16.%! 2185.7) 16.7| 1B,7| 18.7| 18,7] 1b.7| 16.7| 18,7
. ) R S D AR S _ _ — T
] am (° .304) .808| .414) .108) .2248| ,a234) .42} .802) .318| .318 f19) ,808] .AT 208) .38 .83
P p— 2] a = 10° 076| .0m4| .ov4| .0T3] .0m8| . 0683 .G‘iﬂ O0m) .07 el .oTmB 076 .07a (.51 .07
oankrollebllity | pg | ga 390 .o . . 088

Lakaral aawkeol | Maviwm o ak which aila-

aidsalip o Yaw

ol
[+,
with | rons yill bmlmnoe O;' aus| 809 0°] mO°| 20| 10°) ao®| a8°] =®| 19°] 190 20°| =0®) 18%] 18%] MO =P
003
ond

o 010| .08 W005(_ 0187 .0:: Lo01[, .o08| .03 . o8l
Og | o= O e L LI ~.0071%. 0oe e om -.008 P 00x!P_lnoz it a1 | - oo ‘—;g b2 -.8‘92
- 004l .013{ .o18 008 .oz0f .028 .004| .013| 017 06|, 8! .08
m‘gg :‘H:::ﬂ On <= 207 -.004 [b.002[9.... 601 ~,007{bo. 008 a0z ~.00% [8-.008 |h-.001 |2-,001| ~,004|0-.003|b_;002 [o—, 008
(t} twvazeble | | g , . .o08! 013 .00p| 018! .0m9 .o03[ .oo0e .ol .om
(=] unfavorebls | Ua bl ~.010 [P-,007 [P ,008 2. 008| -.010|Y-,008|P-.007 [2-.003| -.013 |°-, 000 |4-.008 |B-,006]| ~.011|D-.002 b...008 jo--0os
,002 L,003{ .00 01| .ooz{ f.002 .003| .00m] 006
O | a=30° ~.008| -.008 [P.,007 L’-.om -.013/%-,000 [0~ 008 [°-.002| ~,008 9. 004 |5~,004 P-r,008) -,000)%-,006]°-. 1'-.001

O eiing | ae| we| 1| | 1| w°| 10| 10| | 10 ae| 18] 0] | aet| we

o for initial Instablil-

sty ot BH= 0,08

Lnterel stobil Yaw = O° 19°) 17 1| ar?| 2] 1P ¢ 19| 149 ] 14°)  14%)  24%)  14%] 140) 14®

arsl stabile -
1ty Yeu = 80° 1 wfl nl n? el Pl 18| 1w % 1% n® 1% n® wfl 1l ne

8, =% Maximom onatable 0,
Yaw = Q° .048| ,.048] .o48| .o¢8| .oa3| .o22| .oma| .oss| .oas| .o48| .046| .o48| .o48| .04B) .048| .04
You = & .003] .oes| .09%| .93/ .o98| .oes| .0es| .o0es| .084| .084| .0e4| .oceal .osal .oe4| .0B4| .08t
or a= o° 07| .m9| .02e| .04 030 033 .ob2| 070 .02 .oa3| .o@0[ ,oze| .omsl .oas! .os| .oee
Qomsro) Toros 5

Teguired ar o= 10 008 .008; ,008! ,0n01 ,000] .pO¥) .007) .04} 004 ,00¢) .003] .008] .007| .00B| .00B| .000

Footnotes ara glven &% end of table.
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TABLE XVI (Continued)

ORITERIONS SHBOWING RELATIVE MERITS OF AILERONS
(Assumed Right Alleron Up and Left Aileron Down)

Tapersd ohord
short wlde ailerons

QGonstant chord
medims allerons

Oonatant chord

short wide allerons

6:1 tapered wing 5:1 tapered wing 5:1 tapered wing 5:1 tapered wing
Stand-| Dif- | Dif- gtand-| Dag- | Dar-" |’ Stand~| Dif- | Dif- Stand-| Dif- | Dif-
Bubjeat Oriterion apd for- | for- fer- | for- ard fer- | for- ard for- | for-
35" up| en~ | en= Up~ up| en~ | en- Up- {36° up| en- | en— Up- {350 up| en~ | en- Up~
35° dn| t1el | tial ouly 35° an| tial | tial only 35° dn| tisl | tial | only 35° an| tial | tial | onl.
lollégéz 80 ;‘5?561 !slgbz 80' ggbl ggéa 60 ggél Hoéa 6()x
up up up up up wp up | 50
16° dn| 7° dn 16° an| 7° an 7° dn 15° an 7°‘a?1
area OT
minimum spead Naximum Oj, 1.288| 1.388| 1.288| 1.388| 1.385| 1.385| 1.205| 1.385| 1.287| 1.387| 1.287| 1.887| 1.280| 1,200} 1.390| 1.280
Bpeed rangs Mex Op/Min Op 6, = 0° 82,6| 83.s| 8a.5| ea.s| 84,6 s4.,8] s4.8| 84.6| 85.2| @65.3] 85.3] €6.3} e1.7| er.7| e1.7| s&1.7
Rate of olimb L/D at G;=0.70 14,9] 14.9| 14.8| 14.9| 16.4| 16.4| 15.4] 15.4| 16.65{ 16.5| 18.5| 15.6| 16.0| 18.0} 15.0| 16.0
RO a= 0° .384| .z03| .207| .ame| .2ss| .z00| .515| .2e8| .Zo4| .Z1s| .228| .2e1| .303] .308| .m3| .280
Latoral RO a = 10° .006| .095| .0@9] .093} .003] .oes| .111| .107) .oms| .101| .104| .200| .0e4| .106] .110] .l04
-y
oontrollebility| go o= 30° .006| .001| .oa5| .0o18} .003| .033| .043] .048| .001 &%{ 0 .03¢ .011| .or7| .038} .030
RO | o= 30° .033| .044| .ozs| .o18] .oms| .0s7] ‘34 .om0| .0s7] .u8| .0a| .030| .c08| .oz8| {:023| .o40
Lateral control | Maximum o at which alle- '
with rons will balance 0,' dus 17°] 17°| 19°] 10°| 217°| 18°| M°| =a3°| 17°| 18%| 129°| 20°| 17°| 20°| 20°| &m°
sideslip o 207 yaw
o a= 0° p *007| 010 p *0031 .010| .014 001 .009| .011 .008| .011| .014
n ~.003 |®~.003| P-~.002 [*~. 001 | °~, 004 {P-.003 |2-.003 |B-.001 | -.004 |P-.003 [°-.003 |2~.002| -.004|®-,003|°-.002 [*-.005
o .002| .oos[ .o12] .018] 0 .007{ .o17| .033 .008| .013| .018 .008| .017] .03
:ﬁ':i 2% ::?:ﬁ:- On x=10 -.001 [3-.001 (2,001 -.001 [P-.001 ©.,001|%-.001
+) favorable - .003| .010 .001
u unfavorable| On o= 30° ~.038|9-.034/ ®-.033/°~.003| -.029|%-.034)%-.024 8~.008| -.038| -.025|0-,025|b-.008|0-.026|0-.033|®-.025 |°-.019
¢.001 .001 ©.001 .008
On o« = 30° -.007 [°-.005/ ®-.004 | ~-.003] -.011|®-.006 |®-.007 |°-.00a}|°~.008 [2~.008 [°-.0086 [P-.003|°~.008| °-.007 [°-.008
o for Imuel paetebll- | 18 157 3| | 16| 6% 1s°| a6°| 1| 26°| 1s°| 15°| 16°| 180 28°) 16°
o for initial instabil-
1ty at g—v = 0.06
Lateral stabil- Yaw = 0° 14°| 149  14°|  14°| 14°| 14°| 24°0 24°| 24°| 14°| 24°| 24°| 1249F 24°] 24| 24°
1t
{6, 4 0°) Yaw = 20° 14°| 14°  14°| 14° 14°) 4% 14°| 14°| 40| 14°] 24O 249 249 24°| 249| 24°
¥axloum wetable 0,
Yaw = 0° .040| .cs0| .o40| .040| .o40| .040| .040| .040| .040| .o040| .040] .040| .040] .040 .040} .040
Yaw = 20° .042| .043| .043| .043| .043| .042| .043| .043| .043| .043| .043| .043| .043| .043| .042| .43
(+] - - .
Gontrol foroe or d= 0 .008| .008| .013 j.oao .015| .018f .035| .039| .o07|* .007| .013] .08 .013| .014| .033| .036
required or o = 10° .002| .003| .002] .004) .004| .003] .00%| .008|] .002| .002| .0083] .004| .004] .003] .003] .005
a to f, lhere tho nnd.lul moment onou?ed below maximum deflectlion, the letters indiomte the defleotlon of the up aileron as follows: 2 = 10

- 15
-0

C =20 xmng,ﬂnm

-w.

RO huu-inilunulupotooﬁﬁata-lfmdslm“ofooﬂuta-zf h, RO = 0.064 at o= 17° and 0.094 at o = 220,

8yY "ON 9304 TROTUYOeE Y 0°V'H

(3700) 9T 9IqRL




Fig. 1

N.._A..C.A. Technical Nete No. 449

Figure 1. ~Clark Y wing with 5:3 taper
and plain ailerons.
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Figure 2. Clark Y wing wich 5:1 taper and plain ailerons.
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Figure 3.-Aileron linkage systems-assumed moximum deflections.




